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METHOD AND APPARATUS FOR EXCHANGING ENERGY AND/OR 

MASS 


FIELD OF THE INVENTION 

[0001] The present invention relates generally to a method and 

apparatus for exchanging energy and mass between at least two fluid 
streams. 

BACKGROUND OF THE INVENTION 

[0002] A conventional regenerative device that exchanges sensible 
heat, latent heat, and moisture between two streams of fluids can be 
manufactured in the form of a wheel, and can be referred to as an enthalpy 
wheel, an energy wheel, or a heat exchange wheel (hereinafter 'enthalpy 
wheel'). Conventional enthalpy wheels are illustrated in U. S. patents, Nos. 
4,093,435, 4.924,934 and 6.155,334. 

[0003] A conventional enthalpy wheel typically rotates on a shaft at 
fairly low speeds, for example, no more than about 40 r.p.m. The enthalpy 
wheel typically has a housing containing a matrix of media (capable of 
absorbing sensible heat) that is coated with a desiccant material (capable of 
absorbing moisture and thus latent as well as sensible heat). The media can 
be made of alternate sheets of flat and corrugated paper whose open-ended 
corrugations provide a multitude of parallel passages through the wheel in an 
axial direction. This arrangement of the corrugations facilitates the flow of 
fluids through the enthalpy wheel. The housing together with the media is 
generally rotated about the shaft by. for example, a motor. 
[0004] Two fluid streams, for example, a first humidified and heated air 

stream and a second dry and cool air stream, can enter the enthalpy wheel 
along the axial direction. The first air stream flows through the enthalpy wheel 
from one side into an area of the media where the humidity and heat in the air 
stream is absorbed and retained by the media. The second air stream flows 
through the enthalpy wheel, generally through the opposite side from the first 
air stream, and into an area of the media that is usually in symmetrical relation 
to the area where the first stream entered the housing. As the enthalpy wheel 
rotates about its axis, the area of the media that has retained and absorbed 
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the humidity and heat from the first air stream rotates to where the second air 
stream flows through the housing to transfer humidity and heat to the dry cool 
air of the second stream. 


5 SUMMARY OF THE INVENTION 

[0005] In accordance with the present invention there is provided a 

regenerative energy and/or mass exchange assembly comprising an 
exchange media, a first flow path to pass a fluid stream through the exchange 
media, at least a second flow path to pass a further fluid stream through the 
10 exchange media, and at least one fluid stream diverter to divert the different 
flow paths to pass the respective fluid streams through different regions of the 
exchange media. 

S [0006] In one embodiment, the exchange assembly further comprises 

^fl at least one housing connected to one end of the exchange media and 

K 15 wherein the flow paths are provided in the housing. 

[0007] In another embodiment, the fluid stream diverter is provided in 

the housing. 

[0008] In another embodiment, the housing and the fluid stream 

diverter cooperate to form the flow paths. 
20 [0009] In another embodiment, the fluid stream diverter is rotatably 

mounted within the housing. 

[0010] In another embodiment, the exchange media is housed in a 

plurality of cavities that are separated from one another in cross section and 
extend in parallel along the direction of fluid stream flow. 
25 [0011] In another embodiment, the fluid stream diverter rotates to pass 

the different fluid streams through the exchange media. 

[0012] In another embodiment, the fluid stream diverter rotates to pass 

the different fluid streams through different cavities of the exchange media. 
[0013] In another embodiment, the exchange assembly further 

30 comprises a shaft that extends through the exchange media, the at least one 
housing connected to one end of the exchange media, and the fluid stream 
diverter rotatably mounted within the housing. 

[0014] In another embodiment, the fluid stream diverter has a radial 

extent that is generally less than the radial extent of the exchange media. 
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[0015] In another embodiment, the at least one housing connected to 

one end of the exchange media comprises a connection portion and a 
dispersion portion which are in fluid communication with each other. 
[0016] In another embodiment, the connection portion has at least two 

5 ports adapted to connect to external fluid stream sources. 

[0017] In another embodiment, the dispersion portion has an open end 

that is in fluid communication with the exchange media. 
[0018] In another embodiment, the connection portion has a radial 

extent that is generally less than the radial extent of the dispersion portion. 
10 [0019] In another embodiment, the fluid stream diverter is substantially 

disposed within the connection portion. 

[0020] In another embodiment, the fluid stream diverter has a radial 

Q extent that is substantially equal to the radial extent of an inner wall of the 

connection portion. 

£ 15 [0021] In another embodiment, the dispersion portion comprises a 

plurality of chambers that are separated from one another. 
[0022] In another embodiment, the plurality of cavities that house the 

exchange media are disposed within a central housing. 

[0023] In another embodiment, each cavity is thermally insulated from 

20 adjacent cavities. 

[0024] In another embodiment, the plurality of cavities that house the 

exchange media are positioned in correspondence to the chambers of the 
dispersion portion. 

[0025] In another embodiment, the cavities and the chambers are 

25 substantially equal in cross section and substantially evenly spaced about the 
axial direction. 

[0026] In another embodiment, the number of chambers is three, and 

the number of cavities is three. 

[0027] In another embodiment, the number of chambers is five, and the 

30 number of cavities is five. 

[0028] In another embodiment, the fluid stream diverter comprises in 

sequence along the axial direction a first segment, a first reduced diameter 
portion, a second segment, a second reduced diameter portion, and a third 
segment; an inner bore defining an inner space within the fluid stream 
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diverter; a first passage extending from a first port in the outer wall of the 
second reduced diameter portion through the inner space and then to a 
second port on the outer wall of the first segment; a second passage 
extending from a third port on the end wall of the first segment adjacent to the 
5 first reduced diameter portion to a fourth port on the outer wall of the first 
segment; and wherein the said first and second passages are isolated from 
each other. 

[0029] In another embodiment, a sealing means is provided between 

the fluid stream diverter and the connection portion. 
10 [0030] In another embodiment, the sealing means is provided between 

each of the first, second, and third segment, of the fluid stream diverter and 

the inner wall of the connection portion. 
5 [0031] In another embodiment, the connection portion has an open end 

^fl and a closing means which closes the open end. 

1^ 15 [0032] In another embodiment, the exchange assembly further 

P comprises snap-connection means provided between the central housing and 

«p the housing connected to one end of the exchange media. 

[0033] In another embodiment, the assembly has a first end housing 

W and a second end housing disposed on either end of the exchange media. 

O 20 [0034] In another embodiment, a first fluid stream diverter is disposed 

in the first end housing and a second fluid stream diverter is disposed within 
the second end housing. 

[0035] In another embodiment, the plurality of chambers of the 

dispersion portion of the first end housing is in substantial axial alignment with 
25 the corresponding plurality of chambers of the dispersion portion of the 
second end housing. 

[0036] In another embodiment, the first and second fluid stream 

diverters are disposed correspondingly in the respective end housings and 
rotate in phase during operation. 
30 [0037] In accordance with the present invention, there is provided a 

method of exchanging energy and/or mass between at least two fluid streams, 
the method comprising: 

(a) passing at least two fluid streams through different regions of 
an exchange media; and 
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(b) changing the flow paths of the fluid streams to the exchange 
media so that at least one of the fluid streams is passed 
through a region of the exchange media that a different fluid 
stream had passed through. 
5 [0038] In one embodiment, each flow path is changed by a fluid stream 

diverter. 

[0039] In another embodiment, the fluid stream diverter is provided in a 

housing connected to one end of the exchange media. 

[0040] In another embodiment, the housing and the fluid stream 

10 diverter cooperate to form the flow paths. 

[0041] In another embodiment, the fluid stream diverter is rotatably 

mounted within the housing. 

[0042] In another embodiment, the exchange media is housed in a 

plurality of cavities that are separated from one another in cross section and 
15 extend in parallel along the direction of fluid stream flow. 

[0043] In another embodiment, the fluid stream diverter rotates to pass 

the different fluid streams through the exchange media. 
L [0044] In another embodiment, the fluid stream diverter rotates to pass 

m the different fluid streams through different cavities of the exchange media. 

% 20 [0045] In another embodiment, step (a) includes passing the fluid 

Q streams through different regions of an exchange media in a concurrent 

direction. 

[0046] In another embodiment, step (a) includes passing the fluid 

streams through different regions of an exchange media in a counter-current 
25 direction. 


BRIEF DESCRIPTION OF THE DRAWING FIGURES 

[0047] For a better understanding of the present invention, and to show 

more clearly how it may be carried into effect, reference will now be made, by 
30 way of example, to the accompanying drawings, which show a preferred 
embodiment of the present invention in which: 

[0048] Figure la shows a perspective view of a conventional enthalpy 

wheel; 
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[0049] Figure 1b shows a perspective view of an exchange media used 

in a conventional enthalpy wheel; 

[0050] Figure 2a shows a longitudinal sectional view of an enthalpy 

wheel assembly according to the present invention; 

[0051] Figure 2b shows an enlarged view of one end of an enthalpy 

wheel assembly according to the present invention; 

[0052] Figure 3a shows a plan view of a central housing accordingly to 

the present invention; 

[0053] Figure 3b shows a longitudinal sectional view of a central 

housing according to the present invention taken along the lines A-A of Figure 

3a; 

[0054] Figure 4a shows a perspective view of a first example of an end 

housing according to the present invention; 

[0055] Figure 4b shows another perspective view of a first example of 

an end housing according to the present invention; 

[0056] Figure 4c shows a longitudinal sectional view of a first example 

of an end housing according to the present invention; 

[0057] Figure 4d shows a perspective sectional view of a first example 

of an end housing according to the present invention; 

[0058] Figure 5a shows a perspective view of a fluid stream diverter 

according to the present invention; 

[0059] Figure 5b shows a longitudinal sectional view of a fluid stream 

diverter according to the present invention; 

[0060] Figure 5c shows a perspective sectional view of a fluid stream 

diverter according to the present invention; 

[0061] Figure 5d shows another perspective view of a fluid stream 

diverter according to the present invention; 

[0062] Figure 6 shows a perspective view of a shaft according to the 

present invention; 

[0063] Figure 7a shows a perspective view of a first example of a multi- 

cavity media support according to the present invention; 
[0064] Figure 7b shows a perspective sectional view of a first example 

of a multi-cavity media support according to the present invention; 
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[0065] Figure 8a shows a perspective view of a end housing according 

to the present invention with snap connection means provided thereon; 
[0066] Figure 8b shows another perspective view of a end housing 

according to the present invention with snap connection nneans provided 
5 thereon; 

[0067] Figure 9a shows a plan view of a central housing according to 

the present invention with snap connection means provided thereon; 
[0068] Figure 9b shows a side elevational view of a central housing 

according to the present invention with snap connection means provided 
10 thereon; 

[0069] Figure 10 shows another longitudinal sectional view of an 

enthalpy wheel assembly according to the present invention; and 
[0070] Figure 1 1 shows a cross-sectional view taken along the line A-A 

J of Figure 2a, illustrating the relationship between the size of the slots in the 

^ 15 fluid stream diverter and the openings in the end housing; 

[0071] Figure 12 shows another longitudinal sectional view of an 

hi 

% enthalpy wheel assembly according to the present invention. 

[0072] Figure 13 shows a perspective view of a second example of an 

end housing and a multi-cavity media support according to the present 


^ 20 invention. 


DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0073] A conventional enthalpy wheel 50 is illustrated in Figure 1a. 

Enthalpy wheel 50 rotates on a shaft 102, at fairly low speeds, for example, 

25 no more than about 40 r.p.m. The enthalpy wheel 50 typically has a housing 
101 containing a matrix of media 103 (capable of absorbing sensible heat) 
that is coated with a desiccant material (capable of absorbing moisture and 
thus latent as well as sensible heat). As shown in Figure 1b, the media 103 
can be made of alternate sheets of flat and corrugated paper whose open- 

30 ended corrugations provide a multitude of parallel passages through the 
wheel in an axial direction. This arrangement of the corrugations facilitates the 
flow of fluids through the enthalpy wheel 50. The housing 101 together with 
the media 103 is generally rotated about the shaft 102 by, for example, a 
motor 104. A groove 105 can be provided on the circumference of the housing 
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101 so that a belt 106 can be placed within the groove 105 to transmit the 
driving force from the motor 104 to rotate the housing 101 of the enthalpy 
wheel 50. A cassette housing (not shown) can enclose the enthalpy wheel 50, 
and be fluidly connected to gas ducts (not shown). 
5 [0074] Two fluid streams, for example, a first humidified and heated air 

stream 11 and a second dry and cool air stream 21, can enter the enthalpy 
wheel 50 along the axial direction. The first air stream 11 flows through the 
enthalpy wheel 50 from one side into an area of the media 103 — indicated at 
15 — where the humidity and heat in the first air stream 11 is absorbed and 
10 retained by the media 103. The second air stream 21 flows through the 
enthalpy wheel 50, generally through the opposite side from the first air 
stream 11, and into an area of the media 103 — indicated at 25 — that is usually 
S in symmetrical relation to the area where the first stream 1 1 entered the 

£ media 103. As the housing 101 of the enthalpy wheel 50 rotates about its 

J 15 axis, the area of the media 103 that has retained and absorbed the humidity 
^ and heat from the first air stream 1 1 rotates to where the second air stream 21 

flows through the media 103 transferring humidity and heat to the dry cool air 
of the second stream 21 . 
m [0075] Figure 2a shows a longitudinal sectional view of an enthalpy 

p 20 wheel assembly 100 of the present invention. By way of example, the 
Q embodiment disclosed will refer to an exchange of heat and humidity between 

two gas streams such as, for example, in a ventilation or air conditioning 
system. However, it is understood that the enthalpy wheel 100 can be used to 
exchange energy and/or mass between more than two fluid streams. More 
25 specifically, the enthalpy wheel assembly 100 might also have applicability to 
other uses, such as, but are not limited to, gas purification, gas enrichment, 
valuable component recovery from gas mixtures, and selective mass transfer 
between two gas streams. 

[0076] Referring to Figure 2a, the enthalpy wheel assembly 100 

30 comprises a central housing 120, a first end housing 140 and a second end 
housing 140'. For the embodiment illustrated in Figure 2a, the components in 
the first end housing 140 are identical to those in the second end housing 
140'. Accordingly, the numbers relating to the second end housing 140' are 
denoted with a suffix The central housing 120 is preferably cylindrical in 
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shape and contains an exchange media 110. A suitable exchange media 
comprises random oriented fiber based carbon paper commercially available 
from E-TEK, or carbon cloth commercially available from W.L. Gore. The 
media 110 has two end surfaces 112, 112*. The two end housings 140, 140' 
5 are placed at the opposite open ends of the central housing 120. A shaft 180 
extends throughout the three housings 120, 140, 140', preferably along the 
center of the annular section of those housings. Further, a fluid stream 
diverter 200 is fitted into the first end housing 140 about shaft 180, as will 
hereinafter be described. Furthermore, the fluid stream diverter 200 and the 
10 end housing 140 in the embodiment disclosed cooperate with one another to 
form at least two flow paths to the exchange media 1 10 for the external gas 
streams. Moreover, the second end housing 140' can also be provided with a 

0 fluid stream diverter 200'. 

[0077] As shown in Figures 3a and 3b, the central housing 120 of the 
1^' 15 enthalpy wheel assembly 100 has enlarged inner diameter portions 121 and 

1 ■ 

123 at each end thereof. The enlarged diameter portions 121 and 123 are 
adapted to connect the first and second end housings 140, 140' to the central 
housing 120. 

[0078] Figures 4a-4d show various perspective and sectional views of 

3 20 a first example of an end housing. It is understood that although the numbers 
=7 in Figure 4 correspond to the first end housing 140, they are equally 

applicable to the second end housing 140'. 

[0079] Referring to Figure 4a, the first end housing 140 has a 

connection portion 141 and a dispersion portion 142, which are in fluid 

25 communication with each other. The connection portion 141 has an outer wall 
153 and an inner wall 152. Inner wall 152 defines an inner chamber 160 that 
can be cylindrical in shape. The outer wall 153 of the connection portion 141 
can define a plane portion 154 having two gas ports 143, 144 provided 
thereon. The gas ports 143, 144 are in fluid communication with the inner 

30 chamber 160 of the connection portion 141. The open end of the connection 
portion 141 is closeable by a closing means 500 (see Figure 2a), such as a 
threaded cap or the like. Referring to Figure 4d a number of annular grooves 
400 are provided in parallel relation on the inner wall 152 of the connection 
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portion 141, to accommodate a sealing means, such as an O-ring (not 
illustrated). 

[0080] Figures 4a and 4b show an end wall 158 of the dispersion 

portion 142 extending radially from the connection portion 141, and a portion 
157 extending axially from end wall 158. The axially extending portion 157 
can be cylindrical in shape and have a reduced outer diameter portion 147 
adapted to fit into the enlarged inner diameter portion 121 of the central 
housing 120 as shown in Figure 2a. An O-ring groove 155 can be provided on 
the reduced diameter portion 147 for sealing between the central housing 120 
and the first end housing 140. 

[0081] A journal 145 is provided at the center of the open end of the 
dispersion portion 142. A plurality of chamber dividers 151 extends radially 
from the journal 145 towards the outer wall of the dispersion portion 142 to 
define a plurality of chambers 150. The journal 145 has a portion 146 that 
extends axially towards the connection portion 141. Further, portion 146 is 
spaced from the inner end wall 158 of the dispersion portion 142 forming a 
plurality of partially circular openings 156 within each chamber 150 of the 
dispersion portion 142. Openings 156 provide a plurality of gas flow paths into 
the plurality of chambers 150 from the inner chamber 160 of connection 
portion 141. The journal 145 has a hub 149 that supports the shaft 180. 
[0082] At least one annular groove 148 can be provided on an inner 
wall 161 of the axially extending portion 146 for sealing, for example, by using 
an O-ring (not illustrated). The inner wall 161 of the axially extending portion 
146 can have roughly the same diameter as the inner chamber 160 of the 
connection portion 141. The dispersion portion 142 and the journal 145 have 
a common end face 159. 

[0083] Figure 2a shows the fluid stream diverter 200 fitted into the first 

end housing 140. Figures 5a, 5b, and 5c show the detailed structure of the 
fluid stream diverter 200. The fluid stream diverter 200 has a plurality of 
reduced diameter portions. Specifically, in the preferred embodiment, the fluid 
stream diverter 200 has a first segment 220, a second segment 240, and a 
third segment 260, as well as a first reduced diameter portion 230 and a 
second reduced diameter portion 250. The segments 220, 240 and 260 can 
have the same diameter. Likewise, the reduced diameter portions 230, 250 
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can have the same reduced diameter. Within an end surface 210 of the fluid 
stream diverter 200 a slot 211 is provided. Preferably, slot 211 is arc shaped, 
and has a smaller radius than the end surface 210 of the first segment 220. 
The slot 211 extends axially throughout the first segment 220. On the outer 
5 wall 221 of the first segment 220 two slots can be provided, namely slots 212 
and 213. Slot 211 is in fluid communication with slot 212. 
[0084] The fluid stream diverter 200 has an inner bore 214 extending 
axially throughout the length thereof. The inner bore 214 extends to a position 
adjacent to the end surface 210, at which point it has a reduced diameter 
10 portion 215 for supporting the shaft 180. The inner bore 214 is isolated from 
slots 21 1 and 212. Slot 213 is in fluid communication with inner bore 214. 
[0085] The second reduced diameter portion 250 is provided with a 

P plurality of holes that penetrate this portion, namely, a plurality of gas 

dispersion holes 251 and pinholes 253. As shown in Figure 2b, at least one of 

'y: 15 the pinholes 253 can be used to accommodate a pin 350 to fix the fluid 


stream diverter 200 to the shaft 180 so that the fluid stream diverter 200 
rotates with the shaft to disperse the gas streams, as will hereinafter be 
described. 


Ex 

Q [0086] On an end surface 270 of the third segment 260, a number of 

I ; ii 

p. 20 screw holes 271 are provided. These screw holes 271 are used to 
P accommodate screws to enable the fluid stream diverter 200 to be removed 

from the first end housing 140 when the enthalpy wheel 100 is disassembled. 
Fluid stream diverters 200 and 200' are respectively fitted into the inner 
spaces 160, 160' of the first and second end housings 140 and 140\ The 
25 shaft 180 passes through the respective reduced diameter portions 215, 215' 
of the fluid stream diverters 200 and 200' and the fluid stream diverters are 
fixed to the shaft 180 using respective pins 350, 350'. During operation, the 
fluid stream diverters 200, 200' are continuously rotating with the shaft 180. 
[0087] Referring to Figure 2a, a heat and mass exchange media 110 is 

30 disposed within the central housing 120. The media has an inner hole 111 
extending axially therethrough to rotatably receive the shaft 180. In operation, 
the shaft is driven by a motor (not shown). This arrangement allows the fluid 
stream diverters 200 and 200' within the first and second end housings 140 
and 140' to rotate in phase with the shaft 180 without turning the media 110 
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therein. As described above, each of the first and second end housings 140 
and 140' has a reduced diameter portion 147 adapted to fit into the enlarged 
diameter portion 121, 123 of the central housing 120. Preferably, sealing 
means 122, for example O-rings, are provided to prevent leakage of any gas 
5 from the gas streams. Preferably, the media 110 and the first and second end 
housings 140 and 140' are dimensioned such that the end surfaces 159, 159' 
of the journals 145, 145' are adjacent to, but not in contact with, the end 
surfaces 112, 112' of the media, as shown in Figure 2a. 

[0088] Shaft 180 (see Figure 6) is provided with pinholes 183 and 183'. 

10 As can be seen on the left side of Figure 2a, the fluid stream diverter 200 is 
fixed with respect to the shaft by means of a pin 350 that fits into the pinhole 
253 of the fluid stream diverter 200 and one of the pinholes 183 and 183' on 
O the shaft 180. Therefore, the ftuid stream diverter 200 rotates in the same 

^3 phase as the shaft 180. 

15 [0089] As the diameter of the inner bore 214 of the fluid stream diverter 

is greater than the outer diameter of the shaft 180, a gas flow path is formed 
within the fluid stream diverter 200. The inner chamber 160 of the connection 
portion 141 preferably has substantially the same diameter as that of the outer 
wall 221 of the fluid stream diverter 200, which, as seen in Figures 5a and 5b 
5 20 is the diameter of the first, second and the third segments 220, 240, 260. The 
p fluid stream diverter 200 is positioned within the first housing 140 on the shaft 

180 such that the second segment 240 of the fluid stream diverter 200 is in 
substantial alignment with a groove 400 provided on the inner wall 152 of the 
connection portion 141 in which, for example, an O-ring (not illustrated) can 
25 be placed to provide a seal. With fluid stream diverter 200 positioned within 
first end housing 140 as illustrated in Figure 2b, a first inner space 440 
between the second segment 240 and third segment 260 is provided that is 
separated from a second inner space 441 between the first segment 220 and 
the second segment 240. Moreover, the third segment 260 can be provided 
30 with an O-ring (not illustrated). 

[0090] Now referring to Figures 5a, 5b and 5c, the first end housing 140 

and the fluid stream diverter 200 are dimensioned such that each of the slots 
212, 213 of the first segment 220 of the fluid stream diverter 200 are 
substantially in alignment with each of the plurality of openings 156 located in 
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the plurality of chambers 150 for dispersing gases when the fluid stream 
diverter 200 is disposed in the first end housing 140. Preferably, the journal 
145 is provided with at least one groove 148. Since the diameter of the inner 
wall 161 of the journal 145 is substantially the same as that of the inner wall 
152 of the connection portion 141, it is substantially the same as the diameter 
of the outer wall 221 of the first segment 220 of the fluid stream diverter 200. 
Sealing means, for example an O-ring (not illustrated), can be placed in the 
groove 148 to provide sealing between the journal 145 and the first segment 
220. When in assembly, two separate plates are provided for the fluid stream 
diverter 200, namely, a sealing plate 370 and a support plate 380 (see 
Figures 2a and 2b). As can best be seen in Figure 5b, the sealing plate 370 is 
formed in accordance with the shape of the slot 21 1 of the first segment 220 
and has a certain thickness so that it can fit into the slot 21 1 and close the slot 
211 on the end surface 210. Sealing plate 370 can be fixed onto the fluid 
stream diverter 200 by means of, for example, welding or the like. The support 
plate 380 is provided with a through hole so that the shaft 180 can pass 
through it. The support plate 380 has a diameter that is greater than the 
diameter of the inner bore 214 of the fluid stream diverter 200. The internal 
bore 214 of the fluid stream diverter 200 is provided with a step 272 at a 
position adjacent the end face 270 so that the support plate 380 can fit into 
the inner bore 214 of the fluid stream diverter 200 and abut against the step 
272. Therefore, the fluid stream diverter 200 is supported about the shaft 180 
at two positions adjacent to the ends thereof, i.e., by reduced diameter portion 
215 and by support plate 380. 

[0091] Still referring to Figures 2a and 2b, a closing means 500, such 

as a cap, is provided on the end surface of the connection portion 141 of the 
first end housing 140. The closing means 500 is fixed onto the end surface of 
the connection portion 141 in a known manner, such as, for example, a screw 
connection as illustrated at 501. The closing means 500 supports the shaft 
180 by means of a bearing 385. The shaft is also supported by the journal 145 
by means of a bearing 375. Sealing between the journal 145 and the shaft 
180 can be provided by, for example, an O-ring. Therefore, the shaft 180 is 
supported by the first end housing 140 in two locafions using bearings. 
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[0092] As shown in Figure 4b two gas ports 143 and 144 are provided 

on the plane portion 154 of the connection portion 141 of the first end housing 
140. The two gas ports 143 and 144 are in fluid communication with the inner 
chamber 160 of the connection portion 141. In the radial direction, the gas 
port 143 is in fluid communication with the following components: the first 
inner space 440, the plurality of gas dispersion holes 251, the inner bore 214, 
the slot 213, and, with appropriate rotation of the fluid stream diverter 200, as 
will hereinafter be described, the plurality of openings 156, the plurality of 
chambers 150, and the central housing 120. The gas port 144 is in fluid 
communication with the following components: the second inner space 441, 
the slot 211, the slot 212, and, with appropriate rotation of the fluid stream 
diverter 200, as will hereinafter be described, the plurality of openings 156, 
the plurality of chambers 150, and the central housing 120. In the same 
manner, the central housing 120 is in fluid communication with the second 
end housing 140'. 

[0093] The first and second end housings 140, 140' are positioned 

such that the plurality of chambers 150 of the first end housing 140 are 
generally in alignment with the chambers 150' of the second end housing 
140'. Additionally, the fluid stream diverters 200 and 200' turn in phase with 
each other while the enthalpy wheel assembly 100 is in operation. That is to 
say, the positions of the slots 211, 212, 213 are constantly in alignment with 
those of the slots 211'. 212', 213' in the axial direction. 

[0094] As described above, the exchange media 110 typically has a 
multitude of parallel fluid channels. When operating with fluid streams having 
higher pressures and/or high-pressure gradients, the fluid stream that has a 
higher pressure tends to crossover the axially extending channels of the 
media 110 towards the fluid stream having a lower pressure. This can result in 
poor humidity and/or heat exchange, and even leakage of the enthalpy wheel 
assembly 100. Therefore, the enthalpy wheel assembly 100 of the present 
invention preferably has a multi-cavity media support 300, as shown in 
Figures 7a and 7b. The multi-cavity media support 300 has an inner wall 302 
and is generally cylindrical in shape, as the central housing 120, but with a 
smaller diameter. The multi-cavity media support 300 has a hub 310 for the 
shaft 180 to pass through. A plurality of cavity dividers 303 extend radially 
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from the hub 310 towards the inner wall 302 of the multi-cavity media support 
300 and axially throughout the length thereof, thereby dividing the inner space 
thereof into a plurality of cavities 301, corresponding to the number of the 
chambers 150. Moreover, the multi-cavity media support 300 has an end face 
304. 

[0095] In operation, the multi-cavity media support 300 is fitted into the 

central housing 120, and the media is then separately placed into the plurality 
of cavities 301. Therefore, the media in one cavity 301 is isolated from those 
in adjacent cavities. Each chamber 150, 150' within the first and second end 
housings 140 and 140' is respectively aligned with a corresponding cavity 301 
within the multi-cavity media support 300. Since the end housings 140, 140' 
and the multi-cavity media support 300 do not rotate, an appropriate 
conventional face sealing means, such as, for example, a gasket (not shown), 
may be utilized to provide sealing between the stationary end face 304 of the 
multi-cavity media support 300 and stationary end faces 159 and 159' of the 
first and second end housings 140 and 140' respectively. As a result, different 
gas stream paths are isolated from one another and stream leakage from 
higher-pressure streams to lower pressure streams across the media material 
is prevented by the isolating property of the multi-cavity media support 300 
and the sealing technique mentioned above. Optionally, the material of the 
multi-cavity media support 300 may also be chosen to have a thermal 
insulation property, so that the stream paths are further thermally insulated 
from one another, and from the wall of the central housing 120 and thus the 
environment. 

[0096] Now referring to Figures 8a, 8b, 9a and 9b, the central housing 

120 and the first and second end housings 140 and 140' can be provided with 
snap connection means for easily disassembling the enthalpy wheel assembly 
100. On the outer walls of the first and the second end housings 140 and 
140', a plurality of attachments 80 are provided. On the outer wall of the 
central housing 120, a number of latches 70 and hooking means 60 are 
provided. The hooking means 60 can be configured to hook the attachments 
80 to form a snap-on connection with the latches 70. The latches 70 can be 
gripped by hand to drive the hooking means 60 to hook the attachments 80. 
This forms a snap-on connection that enables the central housing 120 and the 
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first and second end housings 140 and 140' to be connected and 
disconnected with ease. This arrangement simplifies the task of replacing the 
media. 

[0097] The arrangement of Figure 2a is intended to provide energy 

5 and/or mass exchange between two fluid streams. This is explained further, 
by the detailed descriptions of the different modes of operation described 
below. 

[0098] For example, referring to Figure 10, a first warm and humidified 

gas stream 10 and a second cool and dry gas stream 20 run concurrently 
10 through the enthalpy wheel assembly 100, that is, the gas streams 10, 20 
enter through the same side of the wheel 100, and exit through the same side 
of the wheel 100. The first gas stream 10 enters the enthalpy wheel assembly 
100 through gas port 143, and flows into the first inner space 440. From here, 
the first gas stream 10 flows through the plurality of gas dispersion holes 251 
15 located on the second reduced diameter portion 250, into the inner bore 214 
of the fluid stream diverter 200. Next, the first gas stream 10 flows along the 
length of the inner bore 214, and exits the fluid stream diverter 200 through 
^ slot 213. As the fluid stream diverter 200 is continuously rotating with the shaft 

g3 180, the first gas stream 10 flows into one of the chambers 150 via a 

yj 

P 20 respective opening 156 when the fluid stream diverter 200 rotates into a 
P position where slot 213 fluidly communicates with one of the openings 156. As 

the gas streams are usually conveyed by means of blowers (not illustrated), 
the first gas stream 10 is forced to flow along the axial direction into the media 
110 supported in one of the cavities 301 in the central housing 120. As 
25 previously mentioned, the media 110 in one of the cavities 301 has a plurality 
of axially extending channels that are not in communication with the plurality 
of axially extending channels in the other of the cavities in either the radial or 
circumferential directions. Therefore, the first gas stream 10 flows along the 
plurality of media channels to the corresponding chamber 150' of the second 
30 end housing 140'. From here, the first gas stream 10 flows through opening 
156' and slot 213' respectively, and enters the inner bore 214' of the fluid 
stream diverter 200'. Next, the first gas stream 10 flows along the length of 
the inner bore 214', exits through the plurality of holes 25V, passes through 
the first inner space 440', exits the enthalpy wheel assembly 100 through the 
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gas port 143\ and passes into an external duct (not shown). As the first gas 
stream 10 flows across the plurality of channels in the media 110, the heat 
and humidity of the first gas stream is retained in the media 110. Since the 
fluid stream diverter 200 continually rotates with the shaft 180, the first gas 
stream 10 flows through all the channels of the media 1 10 to retain heat and 
humidity. 

[0099] A second gas stream 20 enters the enthalpy wheel assembly 
100 through gas port 144, and flows into the second inner space 441. It is 
noted that the first inner space 440 is isolated from the second inner space 
441. From here, the second gas stream 20 passes through slots 211 and 212 
respectively. The second gas stream 20 then flows into one of the separate 
chambers 150 via a respective opening 156 when the fluid stream diverter 
200 rotates into a position where slot 212 fluidly communicates with one of the 
openings 156. Next, the second gas stream 20 flows along the plurality of 
media channels in one of the cavities 301 of the central housing 120 to a 
corresponding chamber 150' of the second end housing 140*. As stated 
above, the humidity and heat of the first gas stream 10 is retained in all the 
channels of the media in all of the cavities 301 of the central housing 120. 
Therefore, as the second gas stream 20 flows along the channels heat and 
humidity is transferred to it. Hence, the second gas stream 20 is heated and 
humidified as it passes through the media 1 10 to chamber 150' of the second 
end housing 140'. From here, the second gas stream 20 flows through 
opening 156', slots 212' and 211' respectively, and enters the second inner 
space 441'. Next, the second gas stream 20 exits the enthalpy wheel 
assembly 100 through gas port 144', and passes into an external duct (not 
shown). 

[0100] It is noted that at any time, any one of chambers 150, media 

cavities 301, and chambers 150', will only contain either gas from the first 
stream 10 or gas from the second stream 20. The chamber dividers 151 
separate each chamber so that the first and second gas streams 10, 20 will 
never mix. To ensure no mixing of the gas streams, for the embodiment 
illustrated, the size of the slots 212, 213 of the fluid stream diverter 200 and 
the size of the openings 156 are selected and oriented as follows. Figure 11 
shows the relationship between the size of the slots 212, 213 and the three 
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openings 156, in case of three chambers 150, and numbered in Figure 11 as 
156a, 156b, and 156c. In this Figure, segments 212a and 213a, respectively, 
indicate cords corresponding to the arc shaped slots 212 and 213. Therefore, 
the two ends of each segment 212a, 213a represent the two ends of each slot 
5 212, 213, respectively. As illustrated in Figure 11, the fluid stream diverter 200 
is rotating in a clockwise direction. The slots 212, 213 and the openings 156 
should be sized and oriented such that at the moment the slot 213 rotates 
away from chamber 150a, to cut off fluid communication between the slot 213 
and the opening 156a, the slot 212 does not fluidly communicate with the 
10 same opening 156a. This arrangement will ensure the first and second fluid 
streams will not mix in each chamber 150. 

[0101] Now referring to Figure 12, in a second embodiment, the gas 

streams 10, 20' run through the enthalpy wheel 100 counter-currently, that is, 
^ the first gas stream 10 enters the wheel 100 on one side, and the second gas 

15 stream 20' enters the wheel 100 on the opposite side. This is the preferred 
mode of operation. The first gas stream 10 follows the same gas flow path as 
the first embodiment described above and will not be repeated. 
[0102] A second gas stream 20' enters the enthalpy wheel assembly 

100 through gas port 144' of the second end housing 160, and flows into the 
20 second inner space 441'. From here, the second gas stream 20* passes 
through slots 211' and 212', respectively. The second gas stream 20' then 
flows into one of chambers 150' via a respective opening 156' when the fluid 
stream diverter 200' rotates into a position where slot 212' fluidly 
communicates with one of the openings 156'. Next, the second gas stream 
25 20' flows along the plurality of media channels in one of the cavities 301 of the 
central housing 120 to a corresponding chamber 150 of the first end housing 
140. As the second gas stream 20' flows along the channels heat and 
humidity is transferred to it as described above for the embodiment of Figure 
10. From here, the second gas stream 20 flows through opening 156, slots 
30 212 and 211 respectively, and enters the second inner space 441 of the first 
end housing 140. Next, the second gas stream 30 exits the enthalpy wheel 
assembly 100 through gas port 144, and passes into an external duct (not 
shown). 
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[0103] Figure 13 shows a perspective view of an end housing 140 and 

a nnulti-cavity support 300 according to a second example of the present 
invention. In this example, the end housing 140 has five chamber dividers 151 
that section the dispersion portion 142 into five separate chambers 150. 
Likewise, the multi-cavity support 300 has five cavity dividers 303 that divide 
the inner space of the multi-cavity support 300 into five separate cavities 301 
corresponding to the chambers 150 of the end housing 140. It is understood 
that the chambers 150 and the cavities 301 are in alignment during operation 
and that at any time, any one of chambers 150, media cavities 301, and 
chambers 150', will only contain either gas from the first stream 10 or gas 
from the second stream 20. The chamber dividers 151 separate each 
chamber so that the first and second gas streams 10, 20 will never mix. The 
size and orientation of the slots 212, 213 of the fluid stream diverter 200 and 
the size and orientation of the openings 156 are selected depending on the 
actual number of chambers 150 and to ensure no mixing of the gas streams. 
[0104] It is also understood that although in the above embodiments, 

the central housing 120, the connection portions 142, 142', the dispersion 
portions 143, 143' of the end housings 140, 140', and the first, second and 
third segments 220, 240, 260 are all described as cylindrical in shape, the 
actual shape may vary as required. These components may have different 
perimetrical extents at different axial positions thereof. Therefore, the words 
"diameter" and "radial" as used in this disclosure do not limit the shape of the 
components. 

[0105] The enthalpy wheel 100 can work in many different systems 

since it has the ability to operate in two different modes, that is concurrently 
and counter-currently. Moreover, the connections between the central housing 
120 and the end housings 140, 140' are adapted for easy assembly and 
disassembly of the enthalpy wheel 100. 

[0106] Additionally, since the central housing 120 and hence the media 

do not rotate during operation, the system can work with two or more gas 
streams having high pressure and/or high pressure gradients. By having the 
enthalpy wheel remain stationary during operation the system can be scaled 
up or down for use in novel applications. Moreover, since the rotary members 
have smaller diameters than conventional designs, the enthalpy wheel 
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assembly of the present invention can require less driving force for rotation, 
reducing systenn energy loss and improving system efficiency. 
[0107] While the above description constitutes the preferred 
embodiments, it will be appreciated that the present invention is susceptible to 
modifications and changes without departing from the fair meaning of the 
proper scope of the accompanying claims. For example, the exchange media 
can comprise any material that is well known in the art. Moreover, since the 
central housing 120 and the media 300 do not rotate during operation, the 
housings of the present invention are not limited to cylindrical shapes. The 
shapes of the housings 120, 140, 140* may include, but are not limited to, 
square, rectangular or triangular. Similarly, the fluid stream diverters 200 are 
not limited to the shape as disclosed herein. 
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